A verage life expectancy has dramatically increased in most societies during the past few decades. In the United States it was 77.7 years in 2006 (the most recent year for which data are available; CDC 2010), and worldwide it ranges from lows of about 40 years in subSaharan Africa to 84 years in Macau, nearly 82 in Japan, and 80 in northern Europe (CIA 2010). Nationality, race, and gender 1 ; environmental, cultural, and biological factors; and quality of life all unquestionably contribute to variability in lifespan. Research models need to effectively represent a wide variety of aspects of aging if they are to contribute to understanding of the myriad differences in lifespan and healthspan across societies and species.
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A major emphasis of the previous ILAR Journal issue devoted to animal models for aging research (Sprott and Russell 1997) was the actual and potential contributions of research using the then common animal models. The articles covered inbred and hybrid rat and mouse models; the senescence-accelerated mouse (SAM); heterogeneous reference populations; transgenic mice; pet bird species; and small nonhuman primates. Then as now, most aging research with animal models used rodents, almost exclusively rats and mice; one of the goals of the issue was promotion of the use of a wider variety of models. In the 13 years since, interest in and understanding of a variety of other models have grown. New models have emerged (e.g., "designer mice") and less well known models (e.g., naked mole rats) have become familiar in basic aging research. The twin objectives of this issue are to update the 1997 articles and to provide information about models that have since come into wider use.
Developments in Aging Research since 1997
Basic biological research on aging has largely focused on lifespan and its extension, and many in the fi eld insist that this should be its primary objective. Others, this author included, believe that quality of life-as refl ected in healthspan (how long an organism functions in good health)-is more important than quantity. The two are certainly not incompatible, but emphasis on lifespan (quantity) does not guarantee attention to healthspan (quality). The contributors to this issue are all cognizant of the growing interest in healthspan and their articles are applicable to both types of aging research.
The development of new model resources with a major emphasis on genetic factors-such as the mouse Collaborative Cross (Threadgill et al. 2011) , selective breeding (McClearn and McCarter 2011) , and genome and phenome databases (Paigen et al. 2011 )-highlights the enormous advances in genetic analysis over the past decade. These resources allow investigators using rodent models to mimic many human aging phenomena and thus better understand their genetic underpinnings. 2 Although there is now general awareness that there is no single model or even group of models for aging research, most studies still rely on a very small array of models largely as a function of availability, convenience, and experience rather than maximum scientifi c utility. The articles in this issue describe commonly used models as well as those that are just emerging, presenting information that ideally will inspire investigators to select models that are best suited for their research. This issue should also help those who review aging research by enhancing their understanding of modelrelated considerations.
Rodent Models
Yuan, Peters, and Paigen describe some of the many advantages of mice as models for aging research and, based on their experience at the Jackson Laboratory (JAX), review intervention strategies, calorie restriction effects, the mouse phenome project and database, engineered mouse mutants, and quantitative trait locus (QTL) analysis. They also include very useful information about access to JAX databases and other resources for investigators worldwide.
Introduction
McClearn and McCarter present the advantages and limitations of using heterogeneous stocks and selective breeding from those stocks to develop models and analyze complex traits. In addition to the techniques and resources needed to manipulate the genes or gene complexes that underlie aging phenotypes, they explain how to breed for concentrations of particular genes in one stock and the contrary genes in a comparison stock, put alleles of interest into differing genotype environments, or enable the examination of genes downstream from QTLs of interest.
Threadgill, Miller, Churchill, and Pardo-Manuel de Villena describe the ongoing development of the Collaborative Cross, perhaps the most ambitious mouse resource ever assembled. When completed it will consist of more than 800 recombinant inbred lines/strains that will enable both the examination of phenotypes that mimic those of humans and the analysis of complex genotype-environment interactions. Mice from this resource are beginning to become available and the creation of a massive database will facilitate their use. The utility of these mice for aging research is easily apparent.
Gallagher, Stocker, and Koh describe rat models for neurocognitive aging research and introduce the concept of "mindspan, the maintenance of mental abilities over the lifespan." They present a concise historical comparison of aspects of genetic and behavioral research in mice and rats and differences in the research utility of differing rodent models. Their discussion of the effects of calorie restriction (CR 3 ) on cognitive aging is especially interesting as they observe that CR may not have signifi cant benefi t for cognitive behavior.
Edrey, Hanes, Pinto, Mele, and Buffenstein describe the natural history and research possibilities of the naked mole rat (NMR; Heterocephalus glaber). This model, championed by Buffenstein, is a fascinating rodent alternative to rats and mice because it is mouse-sized but lives up to 10 times longer (30 years), despite high oxidative stress levels and short telomeres. The authors demonstrate that understanding NMR biology offers signifi cant opportunities for gerontology.
Nonhuman Primate Models
Tardif, Mansfi eld, Ratnam, Ross, and Ziegler present a cogent case for use of the common marmoset (Callithrix jacchus) in research that requires an animal model with a brain more like that of humans (compared to the brains of other small animals). Marmosets are small and relatively short-lived (shorter than naked mole rats, but longer than rats and mice), and they show age-related pathologies (e.g., metabolic dysfunction) similar to those of humans. The authors argue that this model answers the needs of neurobiologists for a more complex neurodegenerative research tool.
Kemnitz summarizes ongoing studies of the effects of CR on nonhuman primates (NHP). Two major long-term studies, one at the National Institute on Aging and one at the University of Wisconsin-Madison, have been accumulating 3 Abbreviation used in this Introduction: CR, calorie restriction data on the NHP response to CR for nearly 25 years. A major goal of both studies is to demonstrate that the effects of CR in primates are similar to those seen in other mammals and that CR could enhance human lifespan and healthspan. Some of the study results so far are encouraging but, as Kemnitz observes, they also reveal the need for much more research to address inconsistencies and remaining questions. Using data from these and other monkey studies, Kemnitz makes the case for the lifespan extension effects in monkeys.
Fischer and Austad describe the advantages of using NHP that are smaller and shorter-lived than rhesus macaques as well as the disadvantages of macaques and other Old World monkeys (e.g., cost, diseases in common with humans, long life, and costly maintenance). They recommend four small primates that share the characteristics of high fecundity, short life cycle, and relative ease of maintenance. Austad is an advocate of maximizing diversity of models and the basis of that point of view is well enunciated in this article.
Alternative Models
Austad discusses the potential utility of birds in aging research: despite a high metabolic rate, high body temperature, and high blood glucose levels-factors that ought to reduce lifespanmany avian species have much longer lifespans than their mammalian counterparts. Understanding the basis for their successful aging could provide powerful clues about basic aging processes. This article provides a good introduction to the advantages and disadvantages of using birds as models and presents both domesticated and wild-caught species for such use.
Waters is a pioneer in the use of pet dogs as research models of basic human aging processes. The fact that pet dogs share both the social and physical environment of humans is a singular advantage and may outweigh the problems associated with lack of control of the variables that are usually controlled in an animal model (indeed, in this regard pet animals are more like human subjects). The model is inexpensive (since the animals are maintained by their owners), especially valuable for species that are large and relatively longlived, and has great genetic diversity as a result of breed differences in physiology and behavior.
IACUC Issues Related to Animal Models of Aging
Heiderstadt and Kennett explore issues specifi c to aging research using animal models, summarizing the broad range of concerns that arise in this area and providing thoughtful advice about how to approach them in the design and implementation of research protocols. Many concerns are associated with the research need to keep the animals alive until they either become moribund or die. Institutional animal care and use committees (IACUCs) vary signifi cantly in their approach to these issues and can make end-of-life research possible in some institutions and diffi cult in others. This article should be a useful tool for both investigators and IACUC members.
